This work provides prevalence estimates for electronic health record (EHR) systems within U.S. hospitals in 2008. Specifically, we identify the set of information technology (IT) applications that provide the technological pre-conditions for hospitals' achievement of meaningful use. We estimate a set of descriptive and multivariate analyses to identify the organizational attributes that are significantly related to EHR adoption. In addition to considering IT applications individually, we consider the cumulative adoption by hospitals. Our results suggest that most U.S. hospitals continue to lack the technological pre-conditions for achieving meaningful use. Approximately 72% of hospitals had adopted three or fewer of these key applications. Furthermore, we observe some evidence of complementarities between IT and other production inputs. Finally, ownership status, system affiliation, and geographic location are all significantly related to IT adoption. These results provide a useful benchmark for pending IT investments resulting from health reform.
INTRODUCTION
Health information technology (IT) has the potential to improve quality and reduce costs within health care organizations. Health IT can capture clinical information, provide decision support services, coordinate care, and reduce communication errors
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infrastructure necessary to achieve substantive quality improvement from the utilization of health IT. 2 Several perceived barriers to health IT adoption exist. One such barrier is financial, since IT systems require large capital investment and maintenance costs, and because providers are uncertain about the value they will derive from systems as measured by return-on-investment [11] . Perceived legal exposure represents a second type of barrier. Medical providers and administrators are concerned about the introduction of new compliance issues related to the Health Insurance Portability and Accountability Act (HIPAA) and greater exposure of information in cases of civil liability litigation. The third type of barrier is technology-related, where hospitals are concerned about the obsolescence of the technology and the decision to adopt IT that does not or will not conform to future standards [12, 13] .
To encourage broader adoption and use of IT by health care providers, several provisions are included within the American Recovery and Reinvestment Act (ARRA) of 2009, which is federal legislation that included stimulus funds to create jobs and promote investment during the economic recession. One critical objective of this legislation is to create the regulatory infrastructure to develop a set of standards that would help ameliorate existing information technology-related barriers. A second objective is to encourage the adoption and use of IT within hospitals and other health care organizations across the United States.
Meaningful use is defined as an organization using IT to facilitate greater information exchange among health professionals and to make progress toward achieving five broad goals: (a) improving quality, safety, efficiency, and reducing health disparities; (b) engaging patients and families; (c) improving care coordination; (d) ensuring adequate privacy and security protections for personal health information; and (e) improving population and public health (see http://www.himss.org/content/files/ BasicFactsAboutMeaningfulUseARRA.pdf, 2010). Meaningful use cannot, however, be achieved without organizations first meeting the technological pre-conditions, that is, adoption of the IT applications that comprise EHR systems. Our research objective is to provide updated prevalence estimates for EHR systems within US hospitals. Specifically, we focus on the set of IT applications that provide the technological preconditions that would be necessary for hospital organizations to achieve meaningful use. We empirically investigate associations between the adoption of IT systems that comprise an EHR and hospital attributes, including measures of labor and capital inputs, as well as other organizational factors. These relationships provide insights into both adoption costs and production complementarities. In particular, we are interested in understanding whether IT adoption is associated with the use of more labor and capital inputs or fewer.
We examine hospitals' adoption decisions of individual systems as well as cumulative adoption. The latter is important because while initial health IT applications were often independent, many of these technologies are increasingly used as interoperable systems. Second, the pattern of adoption across applications contains information regarding technological complementarity across applications within a comprehensive information system (See [14] for a historical description of cross application diffusion paths). An ordered framework that captures cumulative adoption decisions can more effectively address these issues.
Prior Research
Research on the adoption of IT in health care settings exists both for organizations in the United States as well as other industrialized nations [15] [16] [17] [18] [19] [20] . However, at present, international studies that focus exclusively on hospital-based IT adoption are limited [21] . Exceptions include very recent work focusing on hospitals in Austria and Germany [22] , Taiwan [23, 24] , and Greece [25] .
Within the United States, early work by Parente and Dunbar [26] used a survey of US hospitals receiving Medicare prospective payment to examine the relationship between a hospital's financial performance and its adoption of integrated information systems. In bivariate analyses, they found that hospitals investing in IT had higher total profit margins, but that the relationship disappeared within the multivariate regression specification. Also looking at hospital finances and IT adoption, Borzekowski [27] used panel data and found that although hospital finances were most likely related to IT adoption in the 1970s, this effect had attenuated by the early 1980s.
Burke et al. [28] used the American Hospital Association's (AHA) annual survey of hospitals along with the 1999 Dorenfest/HIMSS (Health Information Management Systems Society) survey of hospital IT adoption. 3 Using bivariate statistical analyses, they explored organizational differences in hospital adoption of administrative, clinical, and strategic IT systems. They found that hospital size, system membership, and the degree of market concentration are positively related to adoption of all three classes of systems. Using later years of the same data sources, Wang et al. [29] also explored the factors associated with hospitals' adoption of administrative, clinical, and strategicmanagerial systems, focusing on 1,441 urban US hospitals. They found that larger, system-affiliated and for-profit hospitals are more likely to adopt managerial IT, which encompasses applications to analyze finances, allocate resources, and oversee quality improvement operations. They also found statistically significant relationships between IT adoption and operating revenues and between IT adoption and contracts with preferred provider organizations, which are a common form of health plan.
More recent work in this literature has begun to investigate specific IT applications. For example, Cutler et al. [30] examined the effect of a hospital's finances and organizational characteristics on CPOE adoption. Using data from the Leapfrog Group's Hospital Patient Safety Survey, 2000 Medicare Cost Reports, and the 2000 AHA annual survey, the authors found that government hospitals are more likely to adopt CPOE relative to non-profit organizations, and that for-profit entities are the least likely to adopt. Additionally, they reported that larger hospitals are more likely to have adopted CPOE relative to smaller ones. However, they found no statistically significant relationship between CPOE adoption and either system affiliation or net income per admission.
Fonkych and Taylor [31] estimated the effect of hospital characteristics on the adoption of CPOE, EMR, and PACS. Using HIMSS data from early 2004, they found that adoption was increasing in both scale and academic status, while it was decreasing in both Medicare and Medicaid admissions. Additionally, they found that for-profit hospitals were considerably less likely to employ clinical IT than non-profit hospitals, but were more likely to invest in managerial-focused IT.
McCullough [32] estimated the hazard of IT adoption as a function of hospital characteristics, market concentration, and adoption behavior of neighboring hospitals using an 11 year panel of hospitals' laboratory, pharmacy, and radiology IT behavior for 1990-2000. While he focused on applications with limited clinical functionality, his findings suggest that competition and strategic behavior had little effect on hospitals' IT adoption decisions. Rather, adoption decisions are largely driven by variation in hospital characteristics and the scalability of IT. Multihospital systems are also more likely to adopt. This may reflect an ability to negotiate better prices or learn from other system-member's adoption.
Furukawa et al. [33] examined the extent of health IT adoption in US hospitals in 2006. In their paper, they explored how hospital characteristics and geographic location relate to the adoption of health IT with particular focus on medication safety. Using the 2006 HIMSS data and AHA annual survey, they examined eight health IT applications that exhibit variation across levels of adoption, impact of safety, and degree of maturity. They estimated multivariate logistic regression to analyze the probability of health IT adoption as well as Poisson regressions to analyze the number of health IT applications adopted per hospital. The authors found that hospital size and ownership are positively related to health IT, with large hospitals (defined as those with 200 or more beds) having 3 to 4 times greater adoption than the smallest hospitals (1-49 beds). Additionally, they reported that non-profit, teaching hospitals, and hospitals with system affiliation have higher rates of adoption relative to for-profit, non-teaching, and independent hospitals, respectively.
Using a supplement to the 2008 AHA's annual survey, Jha et al. [34] investigated the electronic health records functions of 3,049 US hospitals. Hospitals were surveyed about the presence or absence of 32 clinical functionalities of an EHR and whether full implementation had occurred across one or more hospital units. Using the survey results, they concluded that 7.6% of hospital respondents had a basic system in place in at least one clinical unit, but that only 1.5% of hospitals had a comprehensive EHR in all units. In a recent follow-up study, Jha et al. [35] updated these results using early 2009 AHA data and reported modest gains. The percentage of hospitals having a basic system increased to 9.2%, while the percentage with a comprehensive system increased to 2.7%.
Objectives
Health IT is a rapidly evolving field. The adoption and utilization decisions of hospitals are dynamic. This study provides an updated description of health IT adoption for a near census of US hospitals using the 2008 HIMSS Analytics survey. Specifically, we focus on the technological pre-conditions that are necessary for hospitals' achievement of meaningful use, and examine the set of IT applications that cover a continuum of clinical services within hospitals. We quantify associations between IT adoption and hospital attributes, including how adoption relates to other factors of production (labor and capital). Our analyses can provide insights about the complementarities of IT with other inputs, as well as organizational factors that may proxy for adoption preferences. Finally, we examine hospitals' cumulative adoption of IT, which recognizes that individual technologies are increasingly used as interoperable systems.
METHODS

Data and Measures
We employ two data sources. Our information technology data come from the 2008 Health Information Management Systems Society (HIMSS) Analytics survey (http://www.himssanalytics.org/). The survey is conducted via telephone with repeated follow-ups for completeness. The HIMSS Analytics survey captures approximately 90% of all acute care, non-federal US hospitals. Once completed, hospital profiles are submitted to interviewees for validation. Finally, HIMSS provides benchmarking reports to respondents as an incentive for accuracy and completeness. These data have been used regularly by IT vendors and employed repeatedly for health services research (e.g., Fonkych and Taylor [36] ; Wang et al. [37] ; Parente and Van Horn [38] ; Furukawa et al. [39] ; Parente and McCullough [40] ; McCullough et al. [41] ).
Our second data source is the 2007 AHA's annual survey, which provides a rich description of hospital characteristics and encompasses nearly all short-term, general hospitals within the United States. For the analysis, we consider several factors. We used staffed hospital beds to capture hospital scale. We incorporated staffed beds and staffed beds squared to allow for a flexible relationship between scale and IT prevalence. We also considered labor inputs, measured as full-time equivalents (FTEs), for registered nurses, laboratory technicians, and licensed pharmacists. To capture teaching hospital status, we defined a binary indicator for whether a hospital has Council of Teaching Hospitals (COTH) membership. Hospitals were further distinguished by ownership (forprofit, government-owned, and not-for-profit status) and system membership. A hospital's payer mix is captured by the percentage of inpatient days covered by Medicare and Medicaid, respectively. Finally, we included a set of indicator variables to capture whether the hospital is located in the major US census regions, Northeast, Midwest, South, or West, as well as a binary indicator for location in a metropolitan statistical area. In merging together the AHA and HIMSS databases, we obtained a final sample which includes 4,381 general, acute care, non-federal, US hospitals -a near census.
Using these data, we estimated the prevalence of seven health IT applications that provide the foundation for a comprehensive EHR system. Three applications form the foundation for the electronic medical record (EMR): a clinical data repository (CDR), a computerized patient record (CPR), and clinical decision support systems (CDS) [42] . The CDR gathers and stores data from disparate sources, including lab, pharmacy, and radiology management systems (these applications are nearly ubiquitous by 2008). The CPR organizes these data for use in supplementing or replacing patient records. Finally, CDS applications use these data to support clinical decision making. 4 Hospitals may also supplement the electronic medical record with nursing documentation (also known as nurse charts). This IT application enables electronic tracking and documentation of nurses' notes regarding the provision of services to patients.
Ideally, physicians and other clinical providers access patients' data electronically via CPOE. When fully implemented, CPOE provides a format for providers to enter orders electronically with the benefit of decision-support algorithms. This technology has the potential to avert both clinical decision and communication errors, particularly for medication orders. Medication orders are transmitted to the pharmacy department where they may be accessed by pharmacy staff. Electronic medication administration record (eMAR) applications track the filling and dispensing of medication orders. The eMAR often works in conjunction with nurse chart applications. The EMR, CPOE, eMAR, and Nurse chart applications help form a closed-loop medication administration system. Finally, PACS facilitate the transmission and evaluation of radiology images. PACS systems also provide widespread access to images and may actually facilitate image reading through software support.
Since health IT applications work in a complementary fashion, we also explored hospitals' cumulative adoption. Our approach for defining adoption phases is based upon prior research that documents diffusion patterns of hospital-based clinical IT systems [43] . We constructed an index describing an ordered sequence, phases, of health IT adoption. However, we recognize the adoption paths across our technology space are not unique. Hospitals reporting no clinical applications are considered to be in phase 1. Hospitals are considered to be in phase 2 if they report having two of the seven EHR applications and phase 3 if they have at least three applications. Phase 4 hospitals report having limited EMR capability as well as PACS, eMAR, and Nurse Charting. Phase 5 hospitals are those that have CPOE and at least four other applications. Hospitals in phase 6 report having all seven clinical applications.
While clear historical and technological trends in adoption exist (e.g., virtually all EHRs include some CDR functionality), considerable heterogeneity remains across hospitals in the measurement and organization of health IT. For example, some hospitals with otherwise sophisticated health IT systems might not report the presence of a CDR. This most likely reflects measurement error as the CDR features would almost certainly be incorporated into the functionality of other EHR components. Thus, we allowed for some flexibility in our phases and employ a combination of application counts and heuristics. Both the definition and prevalence of these phases are described in Figure 1 . We have explored the sensitivity of our results to alternative specifications and found results consistent with those reported below.
Analyses
We conducted bivariate and multivariate analyses to examine the association between hospital characteristics and the adoption of health IT applications. For the bivariate analyses, we tested whether hospitals with or without a particular application differed in their organizational attributes. Formally, we employed a two-population t-test to determine whether means differ significantly. Levels are noted with asterisks (***p < .01, **p < .05, *p < .10).
For the multivariate regression models, we began with a set of binary probit models to estimate the independent relationship between hospital attributes and the probability that an organization reports having a particular IT application. Since health IT systems are comprised of bundles of interoperable applications, we also measure prevalence using the index defined above to measure the phase of adoption. Since our index takes on six values ordered by extent of adoption, we employed an ordered probit to estimate the association between hospital attributes and the phase of IT adoption. Table 1 provides variable names, definitions, and descriptive statistics for the IT applications and hospital characteristics. For the three IT applications that comprise an electronic medical record, we find that 74% of hospitals report having a CDR 5 , 57% report having a CDS, and 42% have a CPR. However, only 33% of hospitals report having all three applications. We also find considerable variability in prevalence rates Table 2 provides bivariate analyses. In particular, we summarize the characteristics of hospitals by whether they have a particular IT application or not. In each case, we test for whether the average value of the hospital attribute differs between adopters and non-adopters. Across the analyses, we observe that adopting facilities are larger, as measured by the number of staffed beds as well as the number of full-time equivalent nurses, laboratory technicians, and pharmacists. We also find that hospitals with IT applications are more likely to be teaching hospitals, have not-for-profit ownership status, and are affiliated with a system.
RESULTS
Adoption of Individual IT Applications
In order to estimate the association between each attribute and the probability that a hospital has adopted a particular clinical IT application, we estimated a set of five binary probit models. Each specification corresponds to whether or not a hospital reports having EMR, CPOE, PACS, eMAR, or Nurse Chart applications. Our results for the binary probit are reported in Table 3 . To facilitate interpretation, marginal effects 6 and standard errors are reported in lieu of parameter estimates. Notes: *p < .10; **p < .05; ***p < .01. Sample size n ϭ 4,381. Reference categories include not-for-profit hospitals, non-system, non-metropolitan area, and South census region.
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Prevalence of Electronic Health Records in U.S. Hospitals First, we consider the relationship between a hospital's probability of adoption and its other main capital input, staffed beds. Adoption of IT systems typically requires large financial investments. Thus, we would expect that larger hospitals may be better able to spread those fixed costs. 7 We find hospital size to have a small, positive, but diminishing effect on adoption. For example, an increase of 100 staffed beds (one unit increase) results in about a five percentage point increase in the probability of IT adoption for most applications we consider. This finding reflects returns to scale, but also suggests that health IT may not be perfectly scalable. This positive association between hospital size and probability of adoption is consistent with work by Burke et al. [44] , Fonkych and Taylor [45] , McCullough [46] , and Furukawa et al. [47] .
Next, we consider the estimated relationship between a hospital's use of labor inputs and its probability of adopting individual IT applications. From Table 3 , we observe that the labor input effects are heterogeneous and not robust across applications. We find some positive associations between registered nurses and pharmacists with adoption, but no effects of laboratory technicians. Moreover, the significant correlations we observe do not appear entirely consistent with applications that are relevant to job design. While these labor inputs are plausibly complementary to IT generally, this pattern may illustrate the potential bias from estimating application-level models.
Several organizational attributes are associated with a hospital's probability of adopting IT. Across all five applications, for-profit hospitals are less likely to have adopted these clinical systems relative to not-for-profit facilities (the reference category), a finding that is consistent with work by Cutler [48] and Furukawa et al. [49] . For-profit hospitals are about six percentage points less likely to have adopted eMAR and 22 percent less likely to have adopted EMR. Given the cross-application consistency, decreased adoption by for-profit institutions likely reflects either decreased preference for the benefits of health IT (e.g., quality) or a higher cost of capital. 8 The pattern is somewhat less robust for government facilities, as we find statistically significant differences only for EMR, eMAR, and Nurse Charting systems.
Hospitals that are affiliated with systems are 8 percentage points more likely to have an EMR and 4 percentage points more likely to have an eMAR relative to independent facilities. Interestingly, once we control for size and the other hospital characteristics, teaching hospitals differ from non-teaching hospitals only for CPOE, where they are 12 percentage points more likely to have adopted this application. This is a large effect, given that the baseline prevalence of CPOE is only 20% across all hospitals.
Finally, our results suggest that the prevalence of IT is considerably higher (about 10 percentage points) within hospitals located in metropolitan statistical areas. However, we find very little systematic patterns across the four census regions, once we control for urban-rural differences.
Cumulative Adoption
In addition to examining the factors associated with a hospital's use of individual IT applications, we are also interested in understanding cumulative adoption. Figure 1 provides specific criteria used for defining each phase as well as the percentage of US hospitals at each phase. We see that 72% of hospitals have automated three or fewer of our studied applications. Essentially, most organizations have minimally functional EHRs while only 8% of hospitals report the presence of all studied applications (Phase 6). Even if we relax our definition of EHR pre-conditions (Phase 5), we see that only 14% of hospitals possess the technological infrastructure that would be needed to attain meaningful use status.
Using the six phases defined above, we estimated an ordered probit model to identify the set of hospital attributes that are significantly associated with each phase of IT utilization. Again, to facilitate interpretation, we report marginal effects and standard errors in Table 4 . Note that for ordered probit models, we report a set of marginal effects for each phase category. The model is also estimated with a reference outcome category (phase 1 in our specification).
As with the individual application models, we continue to find a strong and positive relationship between staffed beds and the cumulative adoption of IT, although the magnitudes appear slightly smaller. We observe that larger hospitals are less likely to have Phase 2 adoption -approximately 3 percentage points less likely for each 100 staffed inpatient beds. Conversely, larger hospitals are more likely to achieve Phases 3 through 6. For each 100 beds, they are 1 percentage point more likely to achieve Phase 3 and about 3 percentage points more likely to achieve Phases 4 and 5. While all effects are significantly different from zero, they are also significantly different from adjacent categories with the exception of Phases 4 and 5. This positive scale effect is moderated by the Beds squared measure. All else equal, a two-hundred bed hospital is more likely to adopt than a one-hundred bed hospital, but the marginal effect of scale is almost zero for 500-or 600-bed institutions. With respect to the labor inputs, we observe small but persistent effects of registered nurse full-time equivalents (RN FTEs) on hospitals' IT adoption phases. For example, increasing the number of RN FTEs by .1 units (10 RN FTEs) is associated with a .001 increase in the probability that a hospital is in phase 3. Subsequent examination of whether the magnitudes differ across adjacent categories reveals that the marginal effects for phases 3, 4, and 5 are not different from one another. The pattern of results that we observe for this variable is consistent with complementarities in production of hospital services, rather than substitution away from nurses as additional IT systems are adopted. Among the other labor inputs we find that the pharmacist FTE effects are diminished in the cumulative adoption model and we continue to observe no statistically significant relationship between the lab technician input and IT adoption.
Hospitals that are affiliated with systems also tend to have stronger cumulative adoption, suggesting either decreased costs of capital or learning spillovers, a finding consistent with McCullough [50] and Wang et al. [51] . For this variable, the magnitudes of the effects across adjacent phases are all significantly different from one another, although the magnitudes are quite similar across Phases 3 through 6. Differences by ownership status also persist, with for-profit and government hospitals being less likely to achieve more advanced phases of clinical IT adoption relative to not-for-profit facilities. For example, for-profit hospitals are between 3 and 6 percentage points less likely to achieve Phases 3 to 6, relative to non-profit hospitals. In contrast, teaching hospital status does not exhibit any statistically significant relationship to a hospital's probability of being in a more advanced phase once other controls are included.
In the cumulative adoption model, we observe a consistent, albeit very small, negative relationship between the percentage of inpatient days paid by Medicaid and a hospital's phase of IT utilization. Moreover, we find that the magnitude of this effect is not significantly different for Phases 3, 4, and 5. This result is not too surprising since hospitals that serve a larger percentage of Medicaid patients (as compared to privately insured and Medicare patients) may be more resource-constrained and lack the financial capital for IT investment. Fonkych and Taylor [52] reported a similar relationship. Finally, we observe positive and significant effects for our metropolitan statistical area dummy, suggesting that urban hospitals tend to be much further along in terms of overall IT adoption relative to hospitals located in more rural areas.
DISCUSSION
This paper has four key findings. First, we find that most US hospitals continue to lack the technological pre-conditions that would be necessary for achieving meaningful use. As of 2008, approximately 72% of hospitals had adopted three or fewer of these key applications. Second, we observe considerable variation across hospitals with respect to the number and types of IT applications adopted. While PACS, CDR, and Nurse Charting applications are relatively prevalent, most hospitals lack CPOE, CDS, and CPR applications. The relative rates of IT adoption across systems observed in the HIMSS Analytics survey appear qualitatively similar to those reported using alternative sources, although a direct comparison is not feasible, given differences in measurement [53, 54] .
Third, our results provide insights into the relationship between a hospital's IT adoption decisions and other factors of production, including clinical labor inputs and beds. Our results suggest complementarities between IT adoption and beds. We also find evidence of a positive relationship between phase of IT adoption and registered nurses, a finding that aligns with recent work by Furukawa et al. [55] . They examined hospitals in California between1998 and 2007 and found a positive relationship between EMR implementation and registered nurse staffing levels.
Fourth, we find statistically significant associations between several other organizational attributes and a hospital's probability of IT adoption. Differences are particularly pronounced for small and rural hospitals. Non-profit hospitals also exhibit higher adoption rates relative to for-profit and government hospitals, a finding consistent with prior research [56] [57] [58] [59] . While we find that academic hospitals are more likely to adopt IT, this effect is only statistically significant for CPOE. For many of our variables, we observed a similar pattern of relationships when modeling cumulative adoption.
This study faces three notable limitations. First, this study is cross-sectional and empirical relationships may be associative rather than causal. Second, since our measures reflect a single snapshot in time, we are not able to fully capture the evolving relationships between hospital characteristics and technology adoption decisions. Ultimately, adoption models should incorporate panel data to formally test for changes in adoption patterns across hospitals over time and whether relationships between organizational attributes and adoption are time-varying. Third, our IT application measures, which are binary in nature, may fail to capture the full complexity underlying health IT adoption and its subsequent implementation.
The passage of ARRA in 2009 is a "game changer" for hospitals as they consider decisions about IT investments. Creation of uniform standards under ARRA should reduce perceived barriers to adoption. In addition, ARRA provisions will create stronger financial incentives for hospitals to invest in and meaningfully use comprehensive hospital EHR systems. Most likely, ARRA will get hospitals beyond just 'beachhead health IT', where the modal hospital has at least two applications. However, to conform to the meaningful use standard and receive the financial incentives from ARRA, hospitals will need to begin by adopting the IT systems necessary to have a functioning EHR. Adoption may also be affected by the diffusion of Accountable Care Organizations, which align providers across the continuum of care as well as other health care reform initiatives. Ultimately, full implementation may facilitate organizational changes, quality reporting, and pay-for-performance initiatives.
CONCLUSIONS
This paper provides updated national estimates of clinical IT prevalence among shortterm, non-federal, general hospitals in the United States. Our findings indicate that most hospitals have not met the technological pre-conditions that will be necessary for achieving meaningful use. The ongoing monitoring of health IT adoption will be crucial to the discussion and development of health IT policy. With this information, policymakers will have a clearer understanding of the IT infrastructure and the extent to which hospital behavior regarding IT investments will need to change in order to progress toward meeting meaningful use requirements specified in federal legislation.
